Nicotine treatment for ulcerative colitis
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Introduction

Ulcerative colitis and Crohn’s disease are chronic
inflammatory bowel diseases of unknown aetiology which,
although similar in various aspects, exhibit some con-
trasting features. A typical example is their relationship
with cigarette smoking.

While smoking appears to exert deleterious effects in
Crohn’s disease [1, 2], there is overwhelming epidemiol-
ogical evidence that smoking protects against ulcerative
colitis, the risk of developing the disease being significantly
lower in smokers than in non-smokers or former smokers
[2, 3]. The fact that patients with ulcerative colitis who
resume or start smoking often experience clinical
improvement [4] prompted attempts to verify the
hypothesis that nicotine might be the active component
of smoking responsible for the beneficial effects on the
course of the disease.

Preliminary, uncontrolled observations employing
nicotine gum, a pharmaceutical form generally poorly
tolerated, yielded encouraging but inconclusive results
[5]. The introduction of transdermal nicotine in the
market made it possible to assess the potential therapeutic

role of nicotine in a more extensive way.

Clinical studies with transdermal nicotine

In an open trial 16 patients with left-sided colitis receiving
various types of therapies (mesalazine, sulphasalazine,
steroids) were given in addition nicotine 30 mg daily in
transdermal patches for 4 weeks. The majority of patients
reported clinical, endoscopic and histological improve-
ment during nicotine administration [6]. Further, anec-
dotal observations [7] supported that preliminary report.

A multicentre, double-blind, placebo-controlled trial
carried out in the United Kingdom showed in patients
with ulcerative colitis who had been applying transdermal
nicotine (15-25mg daily for 6 weeks) in addition to
their ongoing therapy (oral mesalazine or corticosteroids)
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a significantly superior effect in terms of clinical and
histological improvement [8]. Complete resolution of
symptoms was observed in 48.6% of cases with nicotine
and only in 24.3% of cases with placebo (P=0.03).
Similar results have been reported by a multicentre,
controlled trial performed in the United States, where at
4 weeks 39% of patients who received transdermal
nicotine reported clinical improvement—as assessed by a
13-point disease activity index that measured stool
frequency, rectal bleeding, endoscopic findings and a
clinical global evaluation—compared with 9% of patients
who received placebo [9].

It should be noted that in both studies nicotine patches
were added to standard treatment with either mesalazine
or steroids, which were continued throughout the
observation period. Apparently no attempt was made to
perform a statistical power calculation before planning
the studies and this may account for some inconsistencies
in the endoscopic and histological results. The compara-
tively short period of treatment could also have hampered
a proper evaluation of the effects (if any) of nicotine on
histology in the US trial [9], whereas the reasons for
histological but not sigmoidoscopic improvement [8]
remain unclear (Table 1).

On the other hand, a trial comparing transdermal
nicotine alone with oral prednisolone 15 mg daily
reported beneficial effects in both treatment groups, with
a clinical and endoscopic response which favoured the
steroid [10].In subjects with mild to moderate left-sided
ulcerative colitis unable or unwilling to receive corticos-
teroid treatment, a combination of mesalamine plus
transdermal nicotine may represent an effective alternative
in about 60% of cases [11].

In a controlled study, patients experiencing a clinical
flare-up of ulcerative colitis during maintenance treatment
with mesalazine were given an additional treatment with
either transdermal nicotine 15 mg daily or prednisone for
5 weeks and then were followed up for 6 months while
continuing mesalazine. Relapses of ulcerative colitis were
observed in 20% of patients treated with nicotine and in
60% of patients in the prednisone group (P=0.027).
Relapses occurred earlier in subjects succestully treated
with steroids than in those treated with nicotine
patches [12].
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Table 1 Controlled trials of transdermal nicotine in active ulcerative colitis.

Nicotine Ongoing
Author Number of  daily dose  Duration standard
(reference) patients (mg) (weeks) Comparator therapy Clinical activity Endoscopy Histology
Pullan [8] 72 15-25 6 Placebo Yes NI>PL (P<0.001) NS NI>PL (P=0.03)
Sandborn [9] 64 11-22 4 Placebo Yes NI>PL (P=0.003) NI>PL (P=0.03) NS
Thomas [10] 61 15-25 6 Prednisone No NI<PR (P=0.035) NI<PR (P<0.05) NS

NI =nicotine, PL =placebo, PR = prednisone.

> significantly superior, <significantly inferior, NS, not significantly different.

By contrast, in a double-blind trial where patients with
ulcerative colitis in remission were treated for 6 months
with either nicotine patches alone or placebo, the relapse
rates in the two groups were similar [13].

It can be concluded from these data that transdermal
nicotine alone has limited efficacy in active ulcerative
colitis and is ineffective as maintenance treatment. On
the other hand, if administered in combination with
mesalazine, nicotine is superior to placebo in promoting
clinical remission of ulcerative colitis of mild to moderate
degree, may represent an efficacious alternative to steroids
in selected cases and, when effective, seems to exert a
longer-lasting therapeutic effect than prednisone.

Mechanisms of action of nicotine

In spite of extensive investigation, the exact mechanisms
involved in the therapeutic effects of nicotine in ulcerative
colitis remain elusive. It has been reported that nicotine
increases the thickness of colonic mucus, thus enhancing
the protection of the intestinal mucosa [14], but this
remains to be confirmed. A reduction in intestinal blood
flow by nicotine has also been described [15], but it is
unlikely that this phenomenon may account for the
favourable effects of nicotine in ulcerative colitis, since
rectal blood supply in ulcerative colitis patients is already
lower than normal [16].

It has been suggested that nicotine influences the
cellular and the humoral immune system [17] and
with the inflammatory response, perhaps
through stimulation of endogenous steroid release [18].
Indeed nicotine has been found to suppress in vivo Th2
cell function as measured by inhibition of interleukin-10
production [19], and to reduce the synthesis of
interleukin-2 [20] and interleukin-8 [21] by mono-
nuclear cells.

Nicotine can affect gut motility [22], but the possible
relevance of this effect to its activity in ulcerative colitis
is unknown. Smoking appears to decrease intestinal
permeability [17, 23], but a similar effect by nicotine has
not been demonstrated.

In short, the mechanism(s) responsible for the thera-

interferes
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peutic benefit exerted by nicotine in ulcerative colitis
are still to be determined, a fact which hampers the
development of pharmacological agents mimicking the
therapeutic activity of nicotine, but devoid of its
adverse effects.

Tolerability of transdermal nicotine

Adverse effects during therapy with transdermal nicotine
were significantly more frequent than with placebo in all
three placebo-controlled trials [8, 9, 13]. The side-effects
most commonly observed with nicotine were nausea,
light-headedness, headache, sleep disturbances and skin
irritation. The number of nicotine side-effects was
significantly higher even compared with prednisolone
(10) but it must be noted that the steroid was employed
at a dose of only 15 mg daily. When administered in
standard doses corticosteroids were no better tolerated
than nicotine [12].

In general adverse reactions occurred much more
frequently in lifelong non-smokers than in former smokers
and tended to appear especially during the first 2 weeks
of therapy [8—10]. Treatment withdrawals because of
nicotine side-effects ranged from 5.7 to 13% [8-10, 13].

Although no clear correlation was found between
nicotine plasma levels and incidence of adverse effects
[8], it appears that daily doses of nicotine up to 15 mg
are better tolerated [9, 11, 12].

On the whole transdermal nicotine treatment results
in frequent side-effects, although most patients are able
to complete the course of therapy. No withdrawal
symptoms suggesting nicotine addiction have been
reported either after 4—6 weeks of therapy in short-term
studies, or after a period of up to 6 months in the only
long-term study available [13]. Clearly, alternative nic-
otine formulations able to minimize the adverse effects
of nicotine patches are of interest.

Other nicotine formulations for ulcerative colitis

Administering nicotine in high doses topically into the
colon might achieve therapeutic results with only a
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modest rise in serum nicotine, thus limiting the side-
effectsof the substance.

To this purpose nicotine enemas have been developed.
A 100 ml liquid enema containing 6 mg nicotine com-
plexed with a carbomer has been studied both in healthy
volunteers and in ulcerative colitis patients [24] and
administered for 4 weeks in an open-label fashion to 22
patients with active colitis, while continuing conventional
therapy [25].

Encouraging results were observed in terms of clinical
and sigmoidoscopic improvement. Similarly, a nicotine
tartrate liquid enema has been administered in patients
unresponsive to standard treatment with oral mesalazine
or low-dose corticosteroids [26]. Clinical and endoscopic
improvement has been observed in up to 70% of patients.
The promising, preliminary findings from pilot trials need
to be confirmed by placebo-controlled studies.

Systemic side-effects such as nausea, light-headedness
and insomnia have been reported even though serum
nicotine concentrations were very low. Moreover inability
to retain nicotine liquid enemas has been observed in
30% of patients [26]. In order to further reduce and delay
nicotine absorption, thereby improving tolerability, a
new enema formulation containing trometamol as a
buffering agent has been formulated [27] and awaits
clinical evaluation.

Enemas would only be useful in subjects with distal
colitis, however, hence other formulations must be
devoloped. A new oral formulation consisting of a
nicotine tartrate capsule with an Eudragit S100 coating
for ileo-colonic release [28] warrants clinical investigation.

Conclusions

Ulcerative colitis is a disease more commonly seen in
non-smokers or former smokers. In cases of mild to
moderate degree, addition of transdermal nicotine to
conventional therapy (usually mesalazine) for 4—6 weeks
results in clinical improvement and may also represent a
therapeutic alternative when corticosteroids cannot be
employed. On the whole, the therapeutic effect of
nicotine is consistent with the concept that, except for a
few negative reports, smoking has a favourable influence
on the course of active ulcerative colitis [2, 4, 29]. Since
smoking exerts a protective effect on the development of
pouchitis [30], nicotine might find a place also in the
treatment of this condition, but this still needs to be
investigated.

Recent data [12] suggest that flare-up of ulcerative
colitis seems to be more frequent and occur earlier in
steroid-treated patients than after treatment with nicotine
patches. The reason for this phenomenon, which needs
confirmation by further studies, remains unknown, and
the mechanism of action of nicotine in ulcerative colitis
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is still to be determined. Stimulation of colonic mucus
and inhibition of inflammatory cytokines may play a role.

The results of the only available maintenance study
[13] indicate that nicotine is ineffective in preventing
clinical relapses of ulcerative colitis. This appears to
contrast with epidemiological evidence that smoking
prevents development of ulcerative colitis in healthy
individuals [2, 3], but secondary prevention in patients
with already established disease may involve different
considerations. Moreover serum nicotine levels in the
studies employing transdermal nicotine were lower than
in smokers and less than expected in relation to the
administered dose [2].

Side-effects of transdermal nicotine (nausea, light-
headedness, sleep disturbances, skin reactions) can be at
least in theory reduced by giving the substance by a
different route. In the attempt to increase the systemic
tolerability of nicotine, various types of enemas and a
delayed-release oral formulation have been developed and
are currently under clinical investigation.

Hopetully the future will provide us with safer nicotine
preparations for more extensive clinical use. However
only the full understanding of the exact modes of action
of nicotine in ulcerative colitis will lead to the discovery
and development of drugs with the same therapeutic
characteristics, but devoid of the drawbacks of nicotine
administration.
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